Engineering peroxiredoxin 3 to facilitate control over self-assembly.
Oligomeric proteins are abundant in nature and are useful for a range of nanotechnological applications; however, a key requirement in using these proteins is controlling when and how they form oligomeric assemblies. Often, protein oligomerisation is triggered by various cellular signals, allowing for controllable oligomerisation. An example of this is human peroxiredoxin 3 (Prx), a stable protein that natively forms dimers, dodecameric rings, stacks, and tubes in response to a range of environmental stimuli. Although we know the key environmental stimuli for switching between different oligomeric states of Prx, we still have limited molecular knowledge and control over the formation and size of the protein's stacks and tubes. Here, we have generated a range of Prx mutants with either a decreased or knocked out ability to stack, and used both imaging and solution studies to show that Prx stacks through electrostatic interactions that are stabilised by a hydrogen bonding network. Furthermore, we show that altering the length of the polyhistidine tag will alter the length of the Prx stacks, with longer polyhistidine tags giving longer stacks. Finally, we have analysed the effect a variety of heavy metals have on the oligomeric state of Prx, wherein small transition metals like nickel enhances Prx stacking, while larger positively charged metals like tungstate ions can prevent Prx stacking. This work provides further structural characterisation of Prx, to enhance its use as a platform from which to build protein nanostructures for a variety of applications.